Use of the protein A-gold immunocytochemical and enzyme-gold cytochemical techniques in studies of vitellogenesis.
Vitellogenesis in the frog hepatocyte was investigated by applying the protein A-gold immunocytochemical and RNase-gold cytochemical techniques in conjunction with morphometric and biochemical analyses. The morphometric studies demonstrated that the surface density of rough endoplasmic reticulum (RER) and nucleolar size increased more than fourfold and 1.25-fold, respectively, while the nuclear size and the mitochondrial compartment size remained constant following estrogen treatment. Concurrently, liver RNA concentration increased 2.5-fold while protein and DNA concentrations did not change. In addition, total plasma protein more than doubled, with vitellogenin accounting for 40% of the final volume. The secretory proteins vitellogenin and protein-RcX (a nonvitellogenin, estrogen-induced plasma protein of unknown function, found in the plasma of Rana catesbeiana) were detected immunocytochemically in the RER, Golgi apparatus, and secretory granules in hepatocytes only of estrogen-treated frogs. Lysosomes also were labeled. These observations established that protein-RcX was synthesized and secreted by the hepatocyte in parallel with vitellogenin and that both of these export proteins were confined to the secretory pathway and lysosomes. Quantitation of labeling density indicated that the concentration of vitellogenin increased as it progressed along the secretory vector. Albumin was detected immunocytochemically also within these same hepatocyte entities from both untreated and treated animals. In the untreated animals, albumin concentration also increased progressively along the secretory vector. A marked alteration of albumin processing was observed following estrogen treatment. While albumin concentration in the RER was unchanged, its concentrations within the Golgi apparatus and secretory granules were lower than those observed in the RER or in counterpart compartments under control conditions. RNase-gold cytochemistry for total RNA demonstrated a 1.5-fold increase in labeling density over the nucleolus but no change in RER labeling following estrogen treatment. These labeling data, in combination with the morphometric data, suggest an increase of approximately 80% in the total amount of RNA in the nucleolus and 430% in the RER in response to estrogen. This review thus illustrates the significant contributions which can be made by gold-probe techniques, alone or in combination with morphometric and biochemical techniques, to investigations of the intracellular processing of secretory proteins.